Context. Elemental abundances are of prime importance to help us reconstruct the origin and evolution of stars and galaxies in our Universe. Sulfur abundances have not been as heavily studied as other elements, so some details regarding its behaviour are still unclear. Aims. We aim to investigate [S/Fe] ratios in stars of the solar neighbourhood in order to analyse the chemical evolution of sulfur and probe for possible differences in abundances of planet host and non-planet host stars. Methods. We use the code MOOG to perform spectral synthesis and derive vsini values and [S/Fe] ratios for 719 FGK stars with highresolution (R ∼115000) and high-quality spectra from the HARPS-GTO program. We find the best fit and corresponding parameter values by performing χ 2 minimisation of the deviation between synthetic profiles and observational spectra. Results. Our results reveal that sulfur behaves as a typical α-element, with low abundances in young thin disk stars and high abundances in old thick disk stars, following what was expected from our understanding of the Galactic chemical evolution (GCE). Nevertheless, further studies into the abundances of sulfur in very metal-poor stars are required as our sample only derived sulfur abundances to stars with metallicity as low as [Fe/H] = −1.13 dex. High-α metal rich stars are more enhanced in sulfur compared to their thin disk counterparts at the same metallicity. We compare our results to GCE models from other authors in the [S/Fe] vs. [Fe/H] plane. The [S/Fe]-age relationship is a good proxy for time, just like it is the case with other α-elements. We report no differences in the abundances of sulfur between stars with and without planetary companions in the metallicity range [Fe/H] −0.3 dex.
Introduction
The early Universe was α-enriched because type II supernovae (SNe II) occurred on a much faster time-scale than type Ia supernovae (SNe Ia), and whereas the former produce a great amount of α-elements and less iron, the latter are the main production sites of Fe-peak elements (e.g. Edvardsson et al. 1993) . And so iron-group elements found their way to the interstellar medium (ISM) much later than those formed by α-captures. With this in mind, the ratio of α-elements over iron ([α/Fe]) against metallicity can be interpreted as a cosmic clock depicting some aspects of the Galactic chemical evolution (GCE, Haywood et al. 2013; Buder et al. 2018; Delgado Mena et al. 2019) .
Sulfur is an α-element produced in SNe II by hydrostatic and explosive burning of oxygen and silicon (Woosley & Weaver 1995; Fenner et al. 2004) . For long, it was a neglected element in the study of GCE due to the large uncertainties associated with its derivation, and so other α-elements were preferred, such as Si and Ca, which have similar nucleosynthesis. Be that as it may, sulfur is a volatile element, and as such, does not form dust Based on observations collected at the La Silla Observatory, ESO (Chile), with the HARPS spectrograph at the 3.6 m ESO telescope (ESO runs ID 72.C-0488, 082.C-0212 and 085C.0063). grains in the ISM (Savage & Sembach 1996) , making it an ideal depletion-independent tracer of the evolution of galaxies.
In the early 2000s, different trends were reported with regard to the evolution of sulfur. They all agreed that [S/Fe] was solar around [Fe/H] = 0 dex and increased with decreasing metallicity, down to [Fe/H] = −1.0 dex. However, in the metal-poor regime, the findings did not reach a consensus. Earlier studies found [S/Fe] ratios rising up to ∼0.8 dex (Israelian & Rebolo 2001; Takada-Hidai et al. 2002) or a bimodal behaviour with both high ratios and ratios on a plateau at ∼0.3 dex (Caffau et al. 2005) , but a majority of authors proposed an α-like behaviour, showing only ratios on a plateau around 0.3 dex (e.g. Chen et al. 2002; Ryde & Lambert 2004) . This trend has been confirmed by most recent studies (e.g. Duffau et al. 2017; Caffau et al. 2019, and references therein) .
In terms of the elemental abundances of the Milky Way's populations, it has been found that α-elements are more abundant in the thick disk rather than the thin disk (e.g. Navarro et al. 2011; Adibekyan et al. 2011; Bensby et al. 2014) . However, analysis into how sulfur abundances are distributed according to Galactic populations are scarce, thus we aim to analyse if sulfur shows a Galactic distribution similar to that of other α-elements by using the HARPS-GTO sample.
Additionally, sulfur is also considered an important building block of terrestrial planets, alongside Fe, Mg, Si, C, and O (Bond et al. 2010) . It is present in the core of rocky planets, usually in the form of iron alloy, e.g. FeS, and possibly in the mantle, although in smaller amounts (Brugger et al. 2017; Santerne et al. 2018; Wang et al. 2019) . Recent studies (Dorn et al. 2015; Santos et al. 2015) into the composition and internal structure of terrestrial planets have concluded that host stellar abundances can be used to set additional constraints when modelling the interiors of these planets, helping to reduce the degeneracies of the models. The planet bulk abundance can generally be assumed to be the same as the star for refractory elements, but not for volatile elements, such as sulfur, carbon or oxygen. In these cases, as the planet is devolatilised, the extent of volatile depletion has to be estimated according to distance from the star and the bulk abundances of the planet can then be inferred from the host stellar abundances (see Wang et al. 2019, and references within) .
This paper is a continuation of the work started by Adibekyan et al. (2012, hereafter A12) and followed by Delgado Mena et al. (2017, hereafter DM17) , where precise chemical abundances were derived for more than 1000 stars in the solar neighbourhood, although we employ spectral synthesis to fit observational spectra instead of the Equivalent Widths technique. It is structured in the following way: in Section 2, we will characterise the sample and the stellar parameters; Section 3 describes the process of deriving sulfur abundances and the associated uncertainties; in Section 4, we present and discuss our results in the context of GCE, compare them to theoretical models and study the differences in sulfur abundances between planet hosting and non-planet hosting stars; finally, Section 5 will summarise our conclusions.
Sample description and stellar parameters
The original sample was composed of 1111 FGK stars observed in the context of three HARPS-GTO planet search programs (Mayor et al. 2003; Lo Curto et al. 2010; Santos et al. 2011) . The majority of the stars are slow rotators, non-evolved, and have low chromospheric activity levels. The individual spectra of each star were reduced using the HARPS pipeline and then combined with IRAF 1 after correcting for its radial velocity shift. The resolution is ∼115 000 and the signal-to-noise ratios (S/N) range from ∼20 to ∼2000, although most of the sample has high S/N (85% of the sample has S/N higher than 100).
Stellar parameters were derived in a homogeneous way for the entire sample in Sousa et al. (2008 Sousa et al. ( , 2011a . Later, the parameters for cooler stars (T eff < 5200 K) were re-determined (Tsantaki et al. 2013 , DM17) using a reduced list of iron lines specially assembled to avoid blending effects. DM17 also corrected the spectroscopic gravities (log g) of the sample. Abundance references were derived from a solar reflected light spectrum of the Vesta asteroid, also obtained with the HARPS spectrograph. For further details on the sample and parameter determination, see A12 and DM17.
The final result was a sample of 1059 solar neighbourhood stars, with effective temperatures from 4393 K to 7212 K (98% of the stars have 4500 K < T eff < 6500 K), surface gravities from 2.75 to 5.06 dex (96% stars have 4 < log g< 5 dex), and metallicities ranging from -1.39 to 0.55 dex. This sample contains 150 planet hosts (29 Neptunian-mass planets or Super-Earths and 121 Jupiter-like planets) and 909 stars which are not known to harbour any planetary companions 2 .
Chemical abundances of other elements have been derived in an homogeneous way for this sample by other authors: refractory elements A<29 (A12), lithium (Delgado Mena et al. 2014 , carbon (Suárez-Andrés et al. 2017) , oxygen (Bertran de Lis et al. 2015) , and neutron capture elements (DM17). Additionally, for a fraction of the stars in this sample, beryllium abundances can be found in Santos et al. (2004) ; Gálvez-Ortiz et al. (2011); Delgado Mena et al. (2011 and nitrogen abundances in Suárez-Andrés et al. (2016) .
Derivation of chemical abundances
Synthetic spectra were created assuming local thermodynamic equilibrium (LTE) using the 2017 version of the spectral synthesis code MOOG (Sneden 1973) , with the driver synth. The stellar atmospheres models are from Kurucz (1993) , being the same ones used to derive stellar parameters and other elements' abundances. The line lists for the spectral regions were taken from VALD (Kupka & Ryabchikova 1999) , although the atomic parameters of some lines had to be slightly changed to better match the solar spectra (see more in Section 3.2).
Rotational velocity and macroturbulence
The values of rotational projected velocity (vsini) and macroturbulence (v mac ) of the stars are inputs required by the MOOG code as they take part in the broadening of the atomic lines, so in order to derive sulfur abundances, we first had to compute these two parameters.
Macroturbulence values for stars in the temperature range of 5000K to 6500K were determined with Equation (8) from Doyle et al. (2014) , which is a temperature and gravity dependent formula. Stars with temperature below 5000K were assigned a value of 2.0km s −1 and for those above 6500K, v mac was set to 5.5km s −1 .
As for the rotational velocity, we produced synthetic spectra with MOOG (using the previously derived v mac value) and fitted it to the observed spectra in 36 wavelength regions where over 70 FeI and FeII lines are present. We used the Python package mpfit (Markwardt 2009 ) to find the best fit and corresponding vsini value by fixing the [Fe/H] abundances and all other stellar parameters and setting vsini as the only free parameter. The package performs χ 2 minimisation of the deviation between the synthetic and observed data sets in order to find the best-fitting values of the free parameter defined by the user. Errors are automatically computed by the package as well.
For ten stars in our sample (HD82342, HD55, HD108564, HD145417, HD134440, HD23249, HD40105, HD92588, HD31128, HD52449), the value of v mac that was first attributed to them caused a malfunction in the code that determined vsini, possibly due to v mac being too large a value, as it tried to compensate by finding vsini values that were below 0.1 km s −1 . Therefore the v mac of these stars were empirically adjusted for the code to work correctly. For some stars, the minimisation did not converge.
As a way of testing it, we computed values for the Sun (T eff =5777K, log g=4.39, [Fe/H]=0.02) using the Vesta- Kurucz (2004) reflected spectrum, for which we got v mac = 3.31 km s −1 and vsini= 2.0±0.1km s −1 . In Doyle et al. (2014) , the vsini adopted for the Sun was 1.9 km s −1 , which is in close agreement with the value computed in our study.
Sulfur abundances
The determination of sulfur abundances was performed with the same package mpfit, now setting [S/Fe] as the only free parameter. We fitted synthetic profiles obtained with MOOG to observational spectra of two S i atomic lines from Multiplet 8 3 , around 6743 Å and 6757 Å. Atomic parameters can be found in Table 1 , and were obtained from Kurucz (2004); Wiese et al. (1969) . The lines at wavelengths 6757.000 Å and 6757.175 Å were originally at 6756.960 Å and 6757.150 Å, respectively, and for the lines at 6743.483 Å and 6743.640 Å, the values of log gf were slightly adapted. These changes were carried out so that the lines would better match the Kurucz Atlas solar spectrum and we could obtain A(S) =7.12 dex. A third S line around 6748 Å was considered, but inaccuracy in the line list ultimately prevented us from obtaining reliable abundances, and hence we discarded this line. Korotin (2008 Korotin ( , 2009 ) has studied departures from LTE and found the effects to be negligible on Mult. 8 (corrections are smaller than -0.1 dex). These lines are formed in denser layers of stellar atmospheres and are therefore less sensitive to non-LTE (NLTE) effects.
The χ 2 analysis was performed separately in the intervals 6743.3-6743.8 Å and 6756.7-6757.4 Å, and the final [S/Fe] value is the mean of the two individual values, after being independently corrected with respect to the solar value.
Upon visual inspection of the fitting profiles, we decided to establish a cut-off temperature at 5000 K because the spectra of cool stars were showing multiple lines that we could not reproduce due to incompleteness of the line list. Moreover, the used S lines have a high excitation potential and become very weak as the star becomes cooler. Unfortunately, these problems could not be solved and these stars had to be ruled out from the sample. We kept ten stars with temperatures below the cut-off T eff (although all with T eff >4900 K) whose synthetic profile was deemed to be accurate. Furthermore, we applied multiple S/N cut-offs for different T eff ranges to make sure our final results are as reliable as possible.
We tested our code by deriving the sulfur abundances of the Sun and found [S/Fe] average = −0.02 ± 0.02dex. Figure 1 exemplifies the fitting of the synthetic profiles to observational data in both wavelength regions, for the solar spectrum and for the spectrum of the metal-poor star HD22879 ([Fe/H]= −0.82dex).
3 Numbering as in Moore (1945) .
After the fittings, all of the sulfur ratios derived for our sample were corrected with respect to the solar value obtained in the corresponding S line, and the average value was calculated afterwards.
Uncertainties
In this work, the errors in sulfur abundances are the quadratic sum of the line-to-line scatter and the effects that propagated from the errors in the stellar parameters. We note that some uncertainty may also arise from the automatic continuum placing, hence the importance of visually checking the fits and manually correcting, if necessary. Table 2 presents the mean errors of the parameters and the mean variation of sulfur when one of the stellar parameters is varied by their individual error. The sample was divided into three subgroups, as was done in A12 and DM17, to account for the dependence of all the parameters on the temperature of the stars, and so stars with T eff < 5277 K are part of the "low T eff " subsample, stars with T eff = T ±500 K belong to the "solar T eff " group, and lastly, "high T eff " includes the stars with T eff > 6277 K.
As expected, the "low T eff " group is the most sensitive to errors in the parameters, whilst the "solar T eff " is the least. We can also see that the errors in microturbulence are practically negligible for the chosen lines.
Results and discussion
We successfully derived [S/Fe] ratios for 719 stars from our sample. For 706 of them, the sulfur abundance presented is the mean of the values obtained from the two lines, whereas for the other 13 stars, the abundances could only be derived from one of the lines. Figure 2 presents the relationship between [S/Fe] and T eff and log g. It is clear that there are no systematic trends of the abundance ratios caused by the T eff or log g parameters, but the colour scheme shows a trend of increasing [S/Fe] with decreasing [Fe/H]. This trend is expected from the GCE, as metal-poor stars usually have higher [S/Fe] ratios. Table 3 shows a sample of our results as well as some of the stellar parameters derived in previous works.
Below, we analyse our results in some different contexts.
[S/Fe] vs. [Fe/H]
In Fig. 3 , we depict the sulfur abundances ratios against metallicity. The plot includes the total error bars associated with the derivations. The stars with the largest errors are mostly stars that had abundances derived from only one line. From our results, the abundances of sulfur appear to be decreasing towards higher metallicities, with [S/Fe] values tending to ∼ −0.1 at [Fe/H] ∼ 0.25. From solar metallicities down to [Fe/H] ∼ −0.25, the [S/Fe] ratios are close to solar, and with further decreasing metallicity, an increasing trend is very clearly distinguished. At around [Fe/H] = −0.75, despite some scatter, the ratios appear to stabilise and form a plateau at [S/Fe] ∼ 0.3. This behaviour is very typical of α-elements, and thus has been the theoretical expectation for sulfur.
To help ascertain which of the different trends that have been proposed with respect to the GCE of sulfur is more accurate, we would have to analyse stars below the [Fe/H] = −1.0 dex threshold. Unfortunately, despite the initial sample containing stars with metallicities as low as −1.39 dex, the sample for 
Galactic populations and [S/Fe]-age relation
The Milky Way's thick disk was discovered over three decades ago by Gilmore & Reid (1983) . To the present day, it is still not clear which is the best method to accurately separate stars of the thin and thick disk (e.g. kinematically, chemically, via age, see Buder et al. 2018 , and references within), or even whether more populations (or sub-populations) should be considered (Adibekyan et al. 2011; Chiappini et al. 2015; Martig et al. 2015; Rojas-Arriagada et al. 2016) .
The stars in our sample were classified as described in Adibekyan et al. (2011 Adibekyan et al. ( , 2013 , according to the chemical separation observed in [α/Fe] (α being the average of Mg, Si, and Ti) across different metallicity bins, using the updated abundance ratios derived in DM17. The line that separates the low-and high-α sequences in the [α/Fe] vs [Fe/H] plane was first presented in Adibekyan et al. (2011) and later updated in DM17 (see their Fig. 9 ). The updated line is shown in Fig. 5 and will henceforth be referred to as the α-line. Exceptionally, halo stars were categorised on the basis of kinematics. We will refrain from commenting on the abundances of the halo stars as they are only three.
Our sample is composed of 600 thin disk stars, 74 thick disk stars, 42 from the hαmr group (explained in the following paragraph), and 3 from the Galactic halo. The different stellar populations are plotted in the middle panel of Fig. 5 
in the [S/Fe] vs [Fe/H] plane.
Adding to the well-known thin and thick disk populations, the works of Adibekyan et al. (2011 Adibekyan et al. ( , 2013 to the thin disk, hence called the high-α metal-rich (hereafter hαmr) stars. The hαmr and the thick disk populations form the high-α sequence, and the separation between the two comes from the analysis of histograms depicting the stellar distributions in [Fe/H] and [α/Fe], where well-defined minima (low-density regions) were found (see Fig. 5 ). More recently, other authors have investigated a possible separation between these two populations, but most often found a continuous distribution rather than clear separations, suggesting that hαmr stars were simply the metal-rich tail of the thick disk (Recio-Blanco et al. 2014; Bensby et al. 2014; Buder et al. 2018) , enriched by both SNe II and SNe Ia. In this paper, we will investigate how the abundances of sulfur fit into the proposed populations.
In the upper panel of Fig. 5 , we display the [α/Fe] ratios (where α includes Mg, Si, TiI, and TiII), derived in DM17, against metallicity, for comparison with the [S/Fe] ratios from this work, which are depicted in the middle panel, also against metallicity. In both panels, we include only stars with T eff = T ±500 K and we over-plotted the aforementioned α-line. The data from DM17 and our own data show similar distributions for each of the populations, although our [S/Fe] ratios are more scattered and the populations are less well separated. The α-line does not accurately separate the two low-and high-α sequences in the [S/Fe] vs [Fe/H] plane, but it should come as no surprise that not all α-elements behave exactly in the same way. In this case, we know sulfur typically has large errors, hence there is a greater deviation and the separation may have become blended as a result.
The bottom panel of the same figure shows the average [S/Fe] ratio in each metallicity bin, for each population. As expected, the populations of thick and thin disks clearly follow different α-enrichment trends, with thick disk stars dominating the low-metallicity regime with higher [S/Fe] ratios, whereas conversely, the thin disk stars are metal-richer but poorer in sulfur. In this panel, we can see that hαmr stars do display noticeably higher [S/Fe] ratios than the thin disk counterparts at the same metallicity.
With regard to the separation between thick disk and the hαmr group, Fig. 6 shows histograms of the same type as those analysed in Adibekyan et al. (2011) , which reported lowdensity regions at [Fe/H] = −0.2 dex and [α/Fe] ∼ 0.17 dex. Although for metallicity, there is an unmistakable minimum around [Fe/H] = −0.2 dex, the same cannot be said for the [S/Fe] distribution. The separation would be expected at a [S/Fe] ratio close to 0.17 dex, and despite the presence of a smaller number of stars in this bin (compared to the adjacent ones), the remaining distribution is too irregular and does not allow for a confirmation of this separation.
We performed two-sample Kolmogorov-Smirnov tests on the [S/Fe] ratios of the different population samples (thin/thick, thin/hαmr, thick/hαmr) and all of them yielded p-values of magnitude 10 −8 or smaller, rejecting the hypothesis that the stars were drawn from the same population.
We also obtained stellar ages for our sample from Delgado Mena et al. (2019) , which the authors derived using the PARAM v1.3 tool with Parsec isochrones (Bressan et al. 2012) and Gaia DR2 parallaxes (we refer the reader to these papers for more information on the derivation process and for an analysis of abundance-age ratios of various elements). The relationship of [S/Fe] ratios and age is shown in the upper panel of Fig. 7 and the lower panel depicts the [S/Fe] vs [Fe/H] plane with colour according to stellar age. Both panels include only stars with an error in age lower than 1.5 Gyr. The trend of [S/Fe]-age is very similar to other α-elements, with a linear increase with age for the thin disk stars and a more exponential increase for the old thick disk stars (see for comparison Fig. 5 in Delgado Mena et al. 2019) . The hαmr stars present intermediate ages between both populations and follow the increase with age of thin disk stars. The thin disk population can be fitted by a slope of 0.011±0.001, which is similar to those given in Delgado Mena et al. (2019) for the α-elements Mg, Si, Ca, TiI, and TiII.
Theoretical predictions for [S/Fe]
We compare the [S/Fe] ratios obtained in this work to model predictions from different authors (Kobayashi et al. 2006 (Kobayashi et al. , 2011 Romano et al. 2010; Prantzos et al. 2018) in Fig. 8 . There is a clear distinction in the shape of the lines that represent the evolution of sulfur predicted by the different models.
The top plot of Fig. 8 shows the models of Kobayashi et al. (2006, hereafter K06) and Kobayashi et al. (2011, hereafter K11) . Both these models consider the yields by SNe and hypernovae (HNe) explosions, but whereas K06 defines the HNe fraction as 0.5 regardless of mass or metallicity of the star, K11 defines a fraction of 0.5 only for stars with mass greater than 20 M . K11 also includes yields of asymptotic giant branch (AGB) stars. These two models are the ones that best describe the overall chemical evolution of sulfur. They trace the lower [S/Fe] ratios of the thin disk and then raise towards lower metallicities to accompany the thick disk abundances, showing a "knee" feature at [Fe/H] ∼ −1, where they go on to form a plateau. These models are the best fit for the thick disk stars as they accurately fit the [S/Fe] ratios at low-metallicity, especially the model from K11.
The middle plot presents three models from Romano et al. (2010) . Model 1 (models are numbered as in the paper) adopts the yields of Woosley & Weaver (1995) case B, while models 4 and 5 adopt the yields of K06, with HNe fractions for massive Fig. 9 . Top: Planet hosts vs non-planet hosts, with different colours for planet mass and different symbols for population, as indicated in the legend. Bottom: Averages of [S/Fe] in each metallicity bin for stars without planets (black circles), jovian-mass hosts (red downwards triangles), and neptunes/super-Earth hosts (blue pentagons).
stars of 1 and 0, respectively. These models underestimate the abundance ratios throughout the entire metallicity range, inaccurately representing the evolution of sulfur. Model 4, however, does present higher [S/Fe] values in the very metal-poor regime, which is most likely a product of the high HNe fraction.
Lastly, in the bottom plot, the model from Prantzos et al. (2018) is depicted, which adopts the yields of Cristallo et al. (2015) for low and intermediate mass stars and those of for massive stars, which include mass loss and rotation. This model describes well the [S/Fe] ratios of the thin disk, but underestimates the thick disk abundances. A more pronounced slope starting at [Fe/H] −0.5 would be expected, following the rise of abundance ratios. This may be due to the fact that no high-energy supernovae explosions (or HNe) were included in the model.
From comparison with our results, the best explanation for the [S/Fe] evolution of our sample is a combination of yields from SNe and HNe at high stellar masses and AGB (models by K11).
Planet hosts vs. non-planet hosts
Our sample of stars with derived sulfur abundances contains 134 stars with known planetary companions, with 110 of them hosting jovian-mass planets while the remaining 24 host Neptunelike planets or Super-Earths. In the top panel of Fig. 9 , we can see the distribution of stars with exoplanets (coloured in blue and The behaviour of the planet hosts (PH) and non-planet hosts (NPH) seems rather similar, not showing any distinctive trends or differences. The [S/Fe] ratio averages do not reveal any specific trends of under or overabundance with respect to each other, but rather an irregular distribution for [Fe/H]> −0.3.
We note that for [Fe/H]< −0.3, our average ratios of both types of PH suffer from small-number statistics, and having one single planet host star per bin can, in no way, be taken as representative of the reality. We may be tempted to point out that PH seem to have higher sulfur abundances at lower metallicities, and in fact, with higher number statistics, it has been found that other α-elements are indeed enhanced in metal-poor PH (Mg, Si, and Ti, see A12). However, in this work, we need to keep in mind the extremely reduced sample size for this metallicity range.
Many studies of PH vs NPH show trends of over or underabundances for other elements, but it is important to note that many of these were based on small samples or rely on comparison samples of 'single' stars that had not been searched for planets, hence not knowing if the stars hosted at least massive planets. Our sample is large enough to allow us to take meaningful conclusions, at least for the range [Fe/H]> −0.3, regarding the differences (or lack thereof) when comparing sulfur abundances of stars with and without known planetary companions. Ecuvillon et al. (2004a,b) studied volatile elements N, C, S, and Zn in a sample with a metallicity range of −0.8 ≤ [Fe/H] ≤ 0.5 dex and reported no differences in any of these ratios. On the other hand, in Delgado Mena et al. (2018) , [Zn/Fe] was found to be overabundant in planet hosts at low metallicity, which is probably driven by the fact that Zn follows the same evolution as α-elements, despite not being such an important element for planet-formation as Mg or Si.
Regarding the likelihood of planet formation around certain types of stars, it has been well established that giant planetary companions are much more likely to orbit metal-rich stars, whereas lower mass planets tend to orbit stars of slightly lower metallicity (e.g. Sousa et al. 2011c; Buchhave et al. 2012) . This tendency can be confirmed in the left-hand plot of Fig. 10 (only including stars for which we could derive sulfur abundances). On the right-hand plot of the same figure, we find the distribution of planet hosts according to the stars' [S/Fe] ratio. The most evident characteristic is that both giant and Neptune/Super-Earthsized planets seem to form more often around solar-abundance stars (−0.1 <[S/Fe]< 0.1). Additionally, we find that lower mass Article number, page 8 of 11 A. R. Costa Silva et al.: Chemical abundances of 1111 FGK stars from the HARPS-GTO planet search sample planets are more likely to orbit stars with higher sulfur ratios (thick disk) rather than lower (thin disk).
Summary
We performed spectral synthesis on a sample of 1059 HARPS-GTO solar neighbourhood stars, for lines of Multiplet 8 (triplets at 6743 Å and 6757 Å), having obtained [S/Fe] ratios for 719 of the stars and for the Sun, through a Vesta-reflected spectrum. A third triplet at 6748 Å was considered, but discarded due to incorrect fitting of the models. Values of rotational velocity were also determined for most stars of the initial sample.
The results were interpreted in the context of the [S/Fe] vs [Fe/H] plane, the distribution of sulfur in Galactic populations, how sulfur abundances relate to stellar age, the evolution of sulfur according to theoretical models of Galactic chemical evolution and, finally, comparing abundances of planet-hosts and nonplanet hosts. Our conclusions can be summarised as follows: Kobayashi et al. (2011) also included AGB yields. As for the metal-rich tail, the evolution of the sulfur ratios are best described by the model of Prantzos et al. (2018) , who considered only "typical" energy supernovae. Nonetheless, we note that none of the models reach the high metallicities presented in this work.
6. We find no evidence of under or overabundance of [S/Fe] when comparing the average ratios of stars with and without planetary companions. This lack of differences between the two groups of stars was also reported in Ecuvillon et al. (2004a,b) for other volatile elements. For metallicities below -0.3 dex, firm conclusions regarding the abundance comparisons cannot be reached due to the small number of planet host stars in these metallicity bins. Even so, for the few metal-poor planet hosts for which we could derive [S/Fe] ratios, it is enhanced, despite the difference with respect to thick disk stars without planetary companions not being relevant. 7. Planet companions are more common around stars with solar-abundances of sulfur, regardless of the planet mass. Lower mass planets seem more likely to orbit sulfurenhanced stars rather than sulfur-depleted, although still with much lower frequency than around solar-abundance stars.
All in all, sulfur can be considered as a typical α-element for all purposes of Galactic chemical evolution, Galactic populations and ages. With regard to planet host stars, abundances of this volatile element are no more abundant or scarce than in those without planetary companions. There is a necessity for future studies covering the low-metallicity range, which will help clarify some details which could not be analysed in our data, as well as place further constrains in important formation mechanisms of our Universe. Moreover, it would be interesting to have models of [S/Fe] evolution for [Fe/H] 0.25 dex, since our data seem to point to a continued decrease at high metallicities, but the models which best fit our sample in this region (Prantzos et al. 2018 ) present a rather flattened trend with increasing metallicity. Notes. 
